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(57)Abstract: 

PROBLEM TO BE SOLVED: To enhance radiation and charged particle beam resistance characteristics and easily 
form required magnetic field distribution by installing a space between magnet lines, arranged so as to face magnet 
line formed by arranging rare earth permanent magnets whose magnetizing direction varies periodically, and 
arranging SmCo base sintered magnets at the ends of a magnet line formed by arranging NdFeB base sintered 
magnets. 

SOLUTION: An insertion light source is formed by arranging SmCo-based magnets at the ends of magnet lines 
where electrode go in and out, and arranging NdFeB-based magnets in portions other than the ends, where 
magnetic field distribution become a periodical magnetic field. Since the NdFeB-based magnet easily causes 
demagnetization due to charged particle and the SmCo base magnet rarely causes demagnetization, the SmCo 
base magnet is used at the ends having high probability of irradiation of radiation or charged particle beams. Use of 
2-17 type SmCo base magnet, having holding force mechanism by magnetic domain wall pinning and having both 
radiation characteristics several steps higher than 1-5 type SmCo-based magnet is preferable as the SmCo-based 
magnet. 
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* NOTICES * 
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damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may 
not reflect the original precisely. 
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3. In the drawings, any words are not translated. 
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(57) [Abstract] 

[Technical problem] The insertion light source which is excellent in a 
radiation-proof and a corpuscular ray property, and can form necessary 
magnetic field distribution easily is offered. 

[Means for Solution] The magnetization direction makes the magnet train 
which comes to arrange the rare earth permanent magnet which changes 
periodically counter, arranges, and arranges a SmCo system sintered 
magnet at the edge of the magnet train which comes to arrange a NdFeB 
system sintered magnet in the insertion light source which prepared the 
opening between these magnet trains. 
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CLAIMS 



[Claim(s)] 

[Claim l] The insertion light source which has the radiation-proof 
property characterized by for the magnetization direction making the 
magnet train which comes to arrange the rare earth permanent magnet 
which changes periodically counter, arranging, and arranging a SmCo 
system sintered magnet at the edge of the magnet train which comes to 
arrange a NdFeB system sintered magnet in the insertion light source 
which prepared the opening between these magnet trains. 
[Claim 2] The insertion light source according to claim 1 whose edge of 
the magnet train which has arranged the SmCo system sintered magnet is 
the part of the die length which is equivalent to below by three periods 
of the both ends of this magnet train to the magnetization direction 
change. 

[Claim 3] The insertion light source according to claim 1 installed in 
vacuum devices. 

[Claim 4] The insertion light source according to claim 1 optimized so 
that the height of the SmCo system sintered magnet which made opening 
spacing between magnet trains homogeneity, and has been arranged at the 
edge of this magnet train might be made higher than a NdFeB system 
sintered magnet and magnetic field distribution might fulfill the 
magnetic field specification of the insertion light source. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] When this invention is used for the big 
electronic storage rings of the insertion light source, especially an 
are recording current, it relates to the optimal insertion light source. 
[0002] 

[Description of the Prior Art] The insertion light source is useful as 
equipment which is inserted in the straight-line parts of an electron 
accelerator or electronic storage rings, and is made to generate 
powerful synchrotron orbital radiation. As shown in drawing 2 , there 
are a hull back mold (a) which consists of only permanent magnets 1, and 
a hybrid mold (b) which consists of a permanent magnet 2 and pole piece 
3 (iron and iron cobalt alloy) in the insertion light source. Each 
insertion light source shown in drawing 2 (a) and (b) is a common type 
called flat-surface undulater, makes the magnet train which the 
magnetization direction was changed and arranged it periodically counter, 
and is arranged, and the opening between these magnet trains is run an 
electron (refer to drawing 1 (a)). In the insertion light source, the 
high-speed electron which the periodic magnetic field of the letter of a 
sign curve occurs (refer to drawing 1 (b)), and turns around the inside 
of an accelerator all over the opening between the magnet train performs 
meandering movement in response to the effect of this periodic magnetic 
field, and produces synchrotron orbital radiation from each point moving 
in a zigzag direction (refer to drawing 1 (c), Halbach, Nuclear 
Instruments and Method 187, (1981), 109). 

[0003] Meandering movement of the above-mentioned electron is boiled to 
that extent, and is divided more into wiggler mode and undulater mode. 
In wiggler mode, it is superimposed on the synchrotron orbital radiation 
generated from each point moving in a zigzag direction, and the white 
synchrotron orbital radiation of 1000 times [ 10 times to ] as high 
power as the synchrotron orbital radiation from a deviation 
electromagnet is obtained. On the other hand, in undulater mode, the 
synchrotron orbital radiation generated in each meandering movement 
interferes, and the synchrotron orbital radiation of the power of the 
synchrotron orbital radiation in wiggler mode high about further 10 to 
1000 times is obtained with a fundamental wave and its high order light. 
It is classified according to the parameter called K value (peak value 
of =0, 9341ambda mBgi lambda m= cycle length and Bg= period magnetic 
field) any in the above-mentioned mode they are. When K value is less 
than [ 1 order or it ], it becomes undulater mode, and in the case of 



the other value, it becomes wiggler mode. 

[0004] Although the insertion light source is roughly divided and has 
two molds, a hull back mold and a hybrid mold, as described above, 
almost equivalent magnetic field strength and distribution are shown, 
and a big difference does not have both. Generally there were few 
amounts of the magnet which the direction of a hybrid mold uses, and it 
ended, and in the initial stage of development of the insertion light 
source, since the include angle of a permanent magnet and the variation 
of a property were large, a hybrid mold tended to arrange magnetic field 
strength from a hull back mold. However, recently, since technique for 
the variation in a permanent magnet to be small, and for the property 
have become homogeneity, and rearrange a magnet was introduced, almost 
equivalent magnetic field distribution is acquired with both of the 
molds. However, when the opening between magnet trains is changed, since 
linearity is materialized mostly, gap of the electron orbit in a hull 
back mold is small, but by use of soft magnetism pole piece, since a 
hybrid mold is nonlinearity, gap of an electron orbit tends to produce 
it. After all, it is not excellent [ especially either ] of which mold 
the insertion light source is adopted that what is necessary is just to 
determine according to the purpose. 

[0005] A NdFeB system sintered magnet (henceforth a NdFeB system magnet) 
is usually used for the insertion light source rather than a SmCo system 
sintered magnet (henceforth a SmCo system magnet). Since there is little 
possibility that temperature will go up ** insertion light source beyond 
a room temperature, as the reason **NdFeB system magnet which can obtain 
a high opening magnetic field by using the high NdFeB system magnet of 
magnetic properties at a room temperature is easy to magnetize. ** 
insertion light source with the small variation in magnetic properties 
is indispensable, and precision adjustment of magnetic field 
distribution needs to operate magnetic justification, addition of a 
shimming magnet, magnetic-substance shimming on the front face of a 
magnet, etc. to the magnet segment which is producing turbulence of 
magnetic field distribution, and needs to carry out magnetic field 
adjustment of it. Therefore, although extraction and insertion and 
insertion of a magnet will be performed frequently, as for a NdFeB 
system magnet, it is mentioned in that case that WAREKAKE cannot happen 
easily compared with a SmCo system magnet. 

[0006] At the edge of the insertion light source, the leak and 
turbulence of a magnetic field tend to arise from the surrounding 
electromagnetic-like environment, arrangement of iron material, etc. 
Moreover, possibility of the vacuum housing put in between the openings 



of the insertion light source that a difference will arise in vacuous 
conductance since the bay is narrowed down, consequently will be hard to 
go up a degree of vacuum, and residual gas will increase is also high. 
According to these causes, electronic [ some ] is scattered about, it 
may collide with a vacuum housing or the insertion light source, or the 
magnet of the insertion light source may be exposed to the secondary 
electron generated in the electromagnetic wave (synchrotron orbital 
radiation) which the scattered electrons generate, or its exposure. And 
when such various factors are overlapped, the magnet of the insertion 
light source will demagnetize. This demagnetization is a problem which 
is not based on heat and originates in radiation irradiation. 
[0007] Furthermore, the vacuum lock mold insertion light source which 
installs the insertion light source in vacuum devices is developed, and 
utilization is progressing recently. However, in the vacuum lock mold 
insertion light source, the reinforcement of the synchrotron orbital 
radiation (hard X ray is included) to which the probability for an 
acceleration electron and a secondary electron to collide with a magnet 
also increases and which is irradiated by the magnet also increases. 
Moreover, it is also considered with synchrotron orbital radiation or an 
electron that a magnet is heated locally. Therefore, in the vacuum lock 
mold insertion light source, magnetic demagnetization had become a 
serious problem. 
[0008] 

[Problem (s) to be Solved by the Invention] Then, this invention aims at 
offer of the insertion light source which is excellent in a radiation- 
proof and a corpuscular ray property, and can form necessary magnetic 
field distribution easily. 
[0009] 

[Means for Solving the Problem] This invention is the insertion light 
source which has the radiation-proof property characterized by for the 
magnetization direction making the magnet train which comes to arrange 
the rare earth permanent magnet which changes periodically counter, 
arranging, and arranging a SmCo system sintered magnet at the edge of 
the magnet train which comes to arrange a NdFeB system sintered magnet 
in the insertion light source which prepared the opening between these 
magnet trains. 
[0010] 

[Embodiment of the Invention] The insertion light source of this 
invention arranges a SmCo system magnet at the edge of a magnet train 
which an electron frequents, and arranges a NdFeB system magnet into 
parts other than the edge where magnetic field distribution will be in a 



periodic magnetic field condition. Although the device in which a rare 
earth magnet demagnetizes the reason for having adopted the SmCo system 
magnet as the edge of a magnet train by the exposure of a radiation or a 
corpuscular ray in this invention is still unknown From a few 
experimental results, the demagnetization by a radiation etc. Since the 
behavior similar to demagnetization by heat is shown and neither a 
lifting nor the SmCo system magnet which becomes empty can demagnetize 
demagnetization according [ the direction of a NdFeB system magnet ] to 
a corpuscular ray comparatively easily, a SmCo system magnet will be 
used for the high edge of the probability for a radiation and a 
corpuscular ray to be irradiated. 

[0011] Especially the SmCo system magnet to be used has a desirable 2-17 
mold SmCo system magnet. Even if it compares the 2—17 mold SmCo system 
magnet with the coercive force device by magnetic domain wall pinning 
with a 1-5 mold SmCo system magnet with the coercive force device of the 
generation length mold from a nucleus, it is because it has the 
radiation resistance which was excellent several steps. In addition, the 
situation of the demagnetization when irradiating [ at drawing 3 ] the 
electron of 17MeV SmCo system magnet R26H (the Shin-etsu chemistry 
company make, trade name) and NdFeB system magnet N33H (the Shin-etsu 
chemistry company make, trade name), Table 1 — the above-mentioned 
NdFeB magnet (l sample No. 4) of coercive force 18k0e, and the above- 
mentioned SmCo system magnet (2 sample No. 3) — electron beam 
irradiation (incidence electronic energy — 17 MeV (presumption)) The 
numeric value of the demagnetization when carrying out average current 
200 nA/cm2 and 1.5 microsecond pulse train 60pps of pulse width was 
shown. 
[0012] 
[Table 1] 
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[0013] The part of the edge which arranges a SmCo system magnet is good 
with 1. 5 periods, when minimizing the amount of magnetic [ used ] from 
the both ends of a magnet train that what is necessary is just the part 
of the die length which is equivalent to below by three periods of the 
magnetization direction change. It is because this part is a high part 
of possibility of demagnetizing greatly by the exposure of a radiation 



to 



etc. The magnetic field of the edge of a magnet train makes an electron 
orbit kick, and serves to be able to shift from the medial axis used as 
criteria. Although it is also possible to prepare an electron orbit by 
adjustment of an edge magnet, a means for orbital adjustment like a 
steering electromagnet is established in many cases. For this reason, 
what is necessary is just to perform magnetic field distribution 
adjustment of an edge magnet coarsely. Therefore, in this invention, it 
hardly becomes a problem about WAREKAKE which is the fault which a SmCo 
system magnet has. 

[0014] A NdFeB system magnet is used for parts other than an edge in 
this invention. It is because a NdFeB system magnet has a good 
mechanical characteristic, its variation in magnetic properties is small 
and room temperature magnetic properties are high, as described above. 
In the field which has realized sine wave magnetic field distribution, 
there is little turbulence of an electron orbit, and since the magnet 
exposure by the radiation or the corpuscular ray decreases, even if it 
uses a NdFeB system magnet, demagnetization is hardly produced. Although 
the effect of radiation irradiation etc. becomes larger in the vacuum 
lock mold insertion light source which contains the insertion light 
source in a vacuum housing, as for the insertion light source produced 
with the magnet configuration of this invention, demagnetization is 
suppressed, and the effect can be disregarded. 

[0015] (BH) max of the NdFeB system magnet with which the SmCo system 
magnet arranged at the edge of a magnet train is 30MGOe extent, and (BH) 
max generally arranges it in addition to an edge is 40 - 50MG0e. 
Therefore, if a SmCo system magnet and a NdFeB system magnet are made 
into the same dimension, the magnetic field integral values of an edge 
run short. Although making large width of face of a SmCo system magnet 
is also considered as an approach of making the same magnetic field 
integral values other than an edge and an edge, there is a danger of 
bringing an excessive high order light to radiation light. Then, it is 
desirable to make the height of a SmCo system magnet higher than a NdFeB 
system magnet, and to optimize so that magnetic field distribution may 
fulfill the magnetic field specification of the insertion light source. 
In this case, opening spacing between the magnet trains which counter is 
made into homogeneity, and, as for the side which faces an opening, it 
is [ the difference of the height of both magnets ] desirable to absorb 
by the bridge formation side side of the opposite side. Even if this 
uses a SmCo system magnet for an edge, the same thing as the case where 
the magnetic field distribution by the whole insertion light source uses 
a single magnet ingredient is obtained. 



[0016] 

[Example] Next, although an example is shown about this invention, this 
invention is not limited to this. 

(Example) (BH) max used the hull back mold insertion light source of 
40mm of cycle length, and 30 periods, (BH) max used the 2—17 mold SmCo 
system magnet segment (the Shin-etsu chemistry company make; R30) with a 
thickness [ of 10mm ] x width-of-face [ of 80mm ] x height [ of 
28MG0e(s) ] of 50mm with the NdFeB system magnet segment (the Shin-etsu 
chemistry company make; N42) with a thickness [ of 10mm ] x width-of- 
face [ of 80mm ] x height [ of 42MG0e(s) ] of 30mm, and it produced. 
Only the SmCo system magnet segment of an endmost part made thickness 
one half. The SmCo system magnet has arranged only the die length which 
is equivalent to two periods each from both ends. And it finished 
setting up each magnet segment, spacing of the opening between magnet 
trains was set to 25mm, and magnetic field distribution was adjusted. 
Magnetic field distribution was adjusted by changing the location of a 
magnet train in the direction of an opening. 85 G-cm and the double 
integral value of 1 multiple-integral value after magnetic field 
distribution adjustment were 1000 G-cm2, and most orbital adjustments 
with a steering coil were level without the need. The above-mentioned 
hull back mold insertion light source was used for 38MeV electronic 
linac, and 20MeV electrons were accelerated. Other conditions were made 
into 1. 5 microseconds of pulse width, pulse incidence 60pps, and pulse 
peak current value 23 mA/cm2, and performed incidence continuously for 1 
hour. Then, when the insertion light source was removed from the above- 
mentioned linac and magnetic field distribution (a magnetic-flux 
integral value and homonymy) was measured, an exposure front and change 
were not in the range of the accuracy of measurement. This showed that 
the insertion light source of this invention had the resistance over a 
radiation and a corpuscular ray. 
[0017] 

[Effect of the Invention] The insertion light source of this invention 
is excellent in a radiation-proof and a corpuscular ray property, and 
can form necessary magnetic field distribution easily, and it can be 
used for it, without causing demagnetization, even if it uses for linac 
with a big current value. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] (a) is [ the periodic magnetic field of (a) and (c of the 
outline perspective view of the insertion light source and (b)) ] the 
electron orbits of (a). 

[Drawing 2] It is the schematic diagram of basic magnet arrangement of 
flat-surface undulater, and (a) is a hull back mold and (b) is a hybrid 
mold. 

[Drawing 3] It is drawing showing the demagnetization when irradiating 
the electron of 17MeV(s) to a SmCo system magnet and a NdFeB system 
magnet. 

[Description of Notations] 
1 Two Permanent magnet 
3 Pole Piece 
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